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(54) Polarization-maintaining optical fiber and polarization-maintaining optical fiber component 

(57) A polarization-maintaining optical fiber compo- 
nent which suppresses coupling of propagating light to 
a high-order mode at the optical coupling section of the 
polarization-maintaining optical fiber component, 
caused by different refractive indexes between the 
stress applying sections and the cladding, thus reducing 
excess loss, is constructed by using a polarization- 
maintaining optical fiber having stress applying sections 
arranged symmetrically to each other with respect to a 
core in a cladding surrounding the core, wherein the 
largest one of those concentric circles of the core or the 
said cladding which do not reach the stress applying 
sections and do not include the stress applying sections 
within has a diameter of 20 um or greater. 
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Description 

[0001] The present invention relates to polarization- 
maintaining optical fiber components which is useful in 
the optical fiber communication field, the field of sensors 
using optical fibers and the like, such as a polarization- 
maintaining optical fiber coupler which couples and 
branches lights while maintaining the polarization of 
light in optical fibers, and a polarization beam splitter 
which decouples and couples polarized waves perpen- 
dicular to each other, and a polarization-maintaining op- 
tical fiber to be used in producing those optical fiber 
components. 

[0002] A polarization-maintaining optical fiber is de- 
signed by providing the stress distribution in a single- 
mode optical fiber with an anisotropical property to lift 
the degeneracy between two orthogonal modes that 
propagate in the optical fiber, thus yielding a difference 
in the propagation constant, so that coupling between 
modes is canceled. Accordingly, when light having a 
certain polarized wave enters an optical fiber, it propa- 
gates while maintaining only its polarized wave. 
[0003] While there are various kinds of polarization- 
maintaining optical fibers, a well-known one is a stress 
applying type which has a stress applying section pro- 
vided in the cladding. Depending on the shape of the 
stress applying section, this type is called a PANDA (Po- 
larization maintaining AND Absorption reducing) fiber 
(hereinafter referred to as "PANDA fiber"), a bow tie po- 
larization-maintaining optical fiber or an elliptic jacket 
polarization-maintaining optical fiber. Of those fibers, 
the PANDA fiber is widely used because of its large bi- 
refringent index and excellent polarization-maintaining 
characteristics. 

[0004] FIG. 4 exemplifies a conventional PANDA fib- 
er. This PANDA fiber 4 comprises a core 1 having a high 
refractive index, a cladding 2 provided concentrical to 
the core 1 and having a lower refractive index than that 
of the core t , and two stress applying sections 3 ar- 
ranged in the cladding 2 symmetrically to each other 
around the core 1 and having a circular cross section 
and generally having a lower refractive index than the 
cladding 2. 

[0005] The stress applying section 3 uses a material 
of a relatively large coefficient of thermal expansion. In 
the process of manufacturing the PAN DA fiber 4 by melt- 
drawing the preform of the optical fiber, therefore, differ- 
ent stresses are applied to the core 1 from the horizontal 
and vertical directions at the time glass is solidified. As 
a result, a large distortion is non-isotropically applied to 
the core 1 , so that the PANDA fiber 4 will have a bire- 
fringent property. 

[0006] Polarization-maintaining optical fiber compo- 
nents which comprise such polarization-maintaining op- 
tical fibers include a polarization-maintaining optical fib- 
er coupler which branches and couples lights while 
maintaining the plane of polarization, a polarization 
beam splitter or a polarization beam combiner which de- 



couples and couples polarized waves perpendicular to 
each other. 

[0007] Those polarization-maintaining optical fiber 
components are manufactured by placing the cores of 
5 a plurality of polarization-maintaining optical fibers in 
close contact to one another and constructing an optical 
coupling section which causes optical coupling between 
optical fibers. 

[0008] A fused elongation scheme and a polishing 
scheme can be used to make the cores of a plurality of 
polarization-maintaining optical fibers to closely contact 
one another. The fused elongation scheme however is 
advantageous from the viewpoint of reliability and work- 
ability. 

[0009] The fused elongation scheme is a method of 
manufacturing a polarization-maintaining optical fiber 
component by laying a plurality of polarization-maintain- 
ing optical fibers side by side and heating, fusing and 
elongating their lengthwise portions in the lengthwise di- 
rection to thereby form an optical coupling section. 
[0010] In the case of manufacturing a polarization- 
maintaining optical fiber component by the fused elon- 
gation scheme, it is necessary to observe the stress ap- 
plying sections and align the polarization axes of a plu- 
rality of polarization-maintaining optical fibers in order 
to prevent crosstalk between perpendicular polarized 
waves. 

[0011] A typical scheme for aligning the polarization 
axes is disclosed in, for example, Japanese Patent Ap- 
plication No. 02-271 307. This scheme uses the fact that 
the refractive indexes of the cladding and the stress ap- 
plying section differ from each other, and places a light 
source by the polarization-maintaining optical fibers, ac- 
quires the luminance distribution of fiber images by ob- 
serving the polarization-maintaining optical fibers from 
the opposite side to the light source and determining the 
positions of the stress applying sections. 
[0012] When the fused elongation scheme is used, 
the polarization-maintaining optical fibers are f used- 
elongated to be thin at the optical coupling section of 
the polarization-maintaining optical fiber component. 
Therefore, the light that propagates through the polari- 
zation-maintaining optical fiber leaks to the cladding 
portion from the core and enters a so-called air cladding 
state. Under this situation, because the single mode 
condition for the polarization-maintaining optical fiber is 
not satisfied, the bending of the polarization-maintaining 
optical fiber and optical coupling to a high-order mode 
occur due to an unevenness factor in the polarization- 
maintaining optical fiber. They eventually appear as an 
excess loss of the polarization-maintaining optical fiber 
component. 

[001 3] In the case of producing an optical component 
using an ordinary optical fiber, the refractive index in the 
optical fiber is uniform except for the difference in refrac- 
tive index between the core and the cladding, and the 
core has a small diameter of several urn Accordingly, 
the optical coupling section of the fused-elongated type 
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optical component is elongated to be thinner so that the 
uneven refractive index in the fiber at the optical cou- 
pling section is not large enough to induce optical cou- 
pling to a high-order mode and does not raise a problem. 
[0014] In the case of producing a polarization-main- 
taining optical fiber component using a polarization- 
maintaining optical fiber, by way of contrast, stress ap- 
plying sections having a diameter of ten and several jim 
and a low refractive index are present in the cladding. 
The stress applying sections exit as the very large une- 
ven refractive index portions in contrast with the case of 
using an ordinary fiber. As mentioned above, therefore, 
coupling of propagating light to a high -order mode oc- 
curs at the optical coupling section due to a difference 
in refractive index between the stress applying sections 
and the cladding. This increases the excess loss. This 
problem occurs prominently in the light along the fast 
axis where light leaks from the core occur frequently. 
[0015] One way to solve this problem is the use of a 
polarization-maintaining optical fiber in which the refrac- 
tive index of the stress applying sections is matched with 
the refractive index of the cladding, as disclosed in, for 
example, Japanese Examined Patent Application, Sec- 
ond Publication, No. 62-30602. As both refractive index- 
es are matched with each other in this method, however, 
it is difficult to observe the positions of the stress apply- 
ing sections based on a difference in refractive index so 
that the aforementioned method of adjusting the polar- 
ization axis cannot be used. 

[001 6] Accordingly, it is an object of the present inven- 
tion to provide a polarization-maintaining optical fiber 
component which suppresses coupling of propagating 
light to a high-order mode at the optical coupling section 
of the polarization-maintaining optical fiber component, 
caused by differences in refractive index between the 
stress applying sections and the cladding, thus reducing 
excess loss. 

[0017] It is another object of this invention to provide 
a polarization-maintaining optical fiber component by 
easily adjusting the polarization axis using a convention- 
al polarization axis adjusting scheme. 
[0018] To achieve the above objects, a polarization- 
maintaining optical fiber according to this invention has 
stress applying sections arranged symmetrically to each 
other with respect to a core in a cladding surrounding 
the core, and is characterized in that the largest one of 
those concentric circles of the core or the cladding which 
do_not reach the stress applying sections and do not 
include the stress applying sections within has a diam- 
eter of 20 |im or greater 

[0019] Polarization-maintaining optical fiber compo- 
nents, such as a polarization-maintaining optical fiber 
coupler, a polarization beam splitter and a polarization 
beam combiner, can be manufactured by using the 
aforementioned polarization-maintaining optical fibers. 
[0020] This invention has the following advantages. 
[0021] As the polarization-maintaining optical fiber of 
this invention is so designed that the stress applying 



sections are set apart from the core when a optical com- 
ponent is produced, it is possible to suppress coupling 
of propagating light to a high-order mode which is 
caused by a difference in the refractive index between 
s the stress applying sections and the cladding at the time 
of producing a polarization-maintaining optical fiber 
component. In particularly, it is possible to provide a po- 
larization-maintaining optical fiber component which 
has a smaller excess loss with respect to the light in the 
direction of the fast axis along which the above advan- 
tage is prominent. 

[0022] When this polarization-maintaining optical fib- 
er is a PANDA type polarization-maintaining optical fib- 
er, the design and production are easy. As the PANDA 
fiber is characterized by its easy axis matching, it has a 
low crosstalk and can provide a polarization-maintaining 
optical fiber component which is easily connectable to 
an LD light source, an amplifier, other passive polariza- 
tion-maintaining optical fiber components and an axis- 
system optical fiber 

[0023] As the stress applying sections of the polariza- 
tion-maintaining optical fiber of this invention are set 
apart from the core, this polarization-maintaining optical 
fiber is apt to have a slightly higher birefringent index, 
lower crosstalk between polarized waves than ordinary 
polarization-maintaining optical fibers. Because the 
length of the polarization-maintaining optical fibers used 
in a polarization-maintaining optical fiber component is 
short, however, these characteristics do not cause prob- 
lems. And for same reason, poorer light loss fiber do not 
cause problems. Further, the polarization-maintaining 
optical fiber of this invention can provide an excellent 
polarization-maintaining optical fiber component with a 
smaller excess loss. 

[0024] An excellent polarization-maintaining optical 
fiber component with a smaller excess loss can be pro- 
vided by laying two or more polarization -maintaining op- 
tical fibers of this invention side by side, heating length- 
wise portions of the polarization-maintaining optical fib- 
ers, fusing the heated portions, and elongating the heat- 
ed portions in a lengthwise direction to thereby form a 
fused elongation type optical coupling section. 
[0025] Further, it is possible to use the scheme of ob- 
serving the positions of the stress applying sections 
based on a difference in refractive index between the 
stress applying section and the cladding and then ad- 
justing the polarization axis. 

[0026] By designing all of lead fibers of the polariza- 
tion-maintaining optical fiber component to have lengths 
of 10 m or shorter, it is possible to provide an excellent 
polarization-maintaining optical fiber component with a 
smaller excess loss. A polarization-maintaining optical 
fiber coupler, a polarization beam splitter or a polariza- 
tion beam combiner, which has a smaller excess loss 
and for which it is easy to adjust the polarization axis, 
can be provided by using the polarization-maintaining 
optical fibers of this invention. 
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In the drawings: 
[0027] 

FIG. 1 is a cross-sectional view showing an exam- 
ple of a polarization-maintaining optical fiber which 
is used in this invention; 

FIG. 2 is a schematic diagram showing an example 
of a polarization-maintaining optical fiber compo- 
nent embodying this invention; 
FIG. 3 is a graph depicting the relationship between 
a diameter A of a concentric circle and excess loss 
according to one embodiment of this invention; and 
FIG. 4 is a cross-sectional view exemplifying a con- 
ventional polarization-maintaining optical fiber. 

[0028] The present invention will now be described in 
detail with reference to the accompanying drawings. 
[0029] FIG. 1 illustrates one example of a polariza- 
tion-maintaining optical fiber which is used in a polari- 
zation-maintaining optical fiber embodying this inven- 
tion. 

[0030] This polarization-maintaining optical fiber 14, 
is a PANDA fiber which comprises the same parts as 
the conventional PANDA fiber 4 shown in FIG. 4. In FIG. 
1, numeral "11" denotes a core, numeral "12" denotes 
a cladding and numeral "13 denotes a stress applying 
section. 

[0031] The PANDA fiber, as a polarization -maintain- 
ing optical fiber, has a large birefringent index, and its 
polarization axis is easy to match. Further, the shape of 
the stress applying section 1 3 is simple. These features 
facilitate the designing and production of the polariza- 
tion-maintaining optical fiber. This polarization-main- 
taining optical fiber is therefore suitable for the polariza- 
tion-maintaining optical fiber component of this inven- 
tion. 

[0032] This polarization-maintaining optical fiber 14 
differs from the conventional PANDA fiber 4 shown in 
FIG. 4 in that the distance between the stress applying 
sections 1 3 is large. 

[0033] This distance is determined based on the di- 
ameter A of the largest circle which is concentric to the 
core 11 or the cladding 12, does not reach the stress 
applying sections 1 3 and does not include the stress ap- 
plying sections 13. The diameter A is set equal to or 
greater than 20 u.m, preferably 25 to 30 \im. 
[0034] This diameter range can set the distance be- 
tween the core 11 and the stress applying section 13 
sufficiently large. When a polarization-maintaining opti- 
cal fiber component is constructed using these polari- 
zation-maintaining optical fibers 14, it is infrequent that 
light leaking out the core 11 at the optical coupling sec- 
tion does not reach the uneven-refractive-index portion 
of the cladding 12 or the stress applying sections 13. 
This suppresses coupling of the propagating light to a 
high-order mode so that the excess loss does not in- 
crease. 



[0035] The locations of the stress applying sections 
1 3 are defined by the aforementioned diameter A, not 
the distance between the core 11 and the stress apply- 
ing section 1 3, for the following reason. 

s [0036] The size of the core 11 matters in defining the 
location of the stress applying section 1 3 by the distance 
between the core 11 and the stress applying section 13. 
It is however difficult to specify the size of the core 11. 
When the diameter of the core 11 is defined by the 

10 mode-field diameter, for example, the mode-field diam- 
ete r varies according to the wavelength so that the val ue 
of the core's diameter cannot be specified. With regard 
to the effect of suppressing the excess loss of an actual 
polarization-maintaining optical fiber component, the 

15 light that has leaked out the core 11 at the optical cou- 
pling section in an air cladding state. As a result, it is not 
meaningful to define the diameter of the core 11 . 
[0037] In consideration of the above, this invention is 
specified by expressing the condition for maintaining a 

20 sufficient distance between the core 1 1 and the stress 
applying section 13 by using the range of the distance 
between the stress applying sections 1 3. 
[0038] This diameter A is, for example, about 12 to 17 
ujti in the ordinary PANDA fiber 4. 

25 [0039] Generally speaking, when the stress applying 
section 1 3 is located apart from the core 11 , the stress 
that is applied to the core 11 from the stress applying 
section 1 3 at the time of production drops, resulting in 
a lower birefringent index of the polarization-maintaining 

30 optical fiber 1 4, deterioration of the crosstalk between 
polarized waves, or the like. Conventionally, therefore, 
the polarization-maintaining optical fiber 14 with a large 
diameter A as in this invention has not been manufac- 
tured. 

35 [0040] However, the length of the polarization-main- 
taining optical fiber 1 4 used in a polarization-maintaining 
optical fiber component is short. Even if the polarization- 
maintaining optical fiber 14 whose conditions for the re- 
fractive index, crosstalk and light loss are slightly re- 

40 laxed is used, this does not directly affect the character- 
istics of the polarization-maintaining optical fiber com- 
ponent and does not matter at all. 
[0041] Specifically, even a polarization-maintaining 
optical fiber having the folbwing characteristics does 

45 not cause any problems when it is used in a polarization- 
maintaining optical fiber component. 
[0042] The polarization-maintaining optical fiber 1 4 of 
this invention preferably has a birefringent index of 5 x 
10 -5 to 5 x 10" 4 . The birefringent index of a PANDA fiber 

so for use in ordinary communications is about 5 x IQr 4 . 
[0043] The crosstalk of the fast axis and the slow axis 
of the polarization-maintaining optical fiber 14 of this in- 
vention per unit length is set equal to or larger than -20 
dB/km, preferably in a range of -20 to -10 dB/km. The 

55 crosstalk of the ordinary PANDA fiber 4 is about -25 63/ 
km. 

[0044] The loss of the polarization-maintaining optical 
fiber 14 of this invention per unit length is set equal to 
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or greater than 1 dB/km, substantially 1 to 10 dB/km. 
Note that the loss of an ordinary PANDA fiber is opti- 
mized to about 0.2 to 0.3 dB/km for an elongated use. 
[0045] If the polarization-maintaining optical fiber 
component is constructed by using a plurality of those 
polarization-maintaining optical fibers 1 4, it is preferable 
that the lengths of all lead fibers of the polarization- 
maintaining optical fiber component be 10 m or shorter. 
The "lead fibers" are the portions that constitute a light 
entering port and light emerging port which extend from 
both ends of the optical coupling section of the polari- 
zation-maintaining optical fiber as will be discussed lat- 
er. If the lead fibers are too long, the length of the polar- 
ization-maintaining optical fiber 14 used eventually be- 
comes long, thus increasing the crosstalk and loss of 
the polarization-maintaining optical fiber component. 
[0046] When a polarization-maintaining optical fiber 
14 whose crosstalk per unit length is-20 dB/km is used, 
for example, the crosstalk for the lead fibers can be sup- 
pressed to - 40 dB if the lengths of the lead fibers are 
10 m. When a polarization-maintaining optical fiber 14 
whose loss per unit length is 1 dB/km is used, the loss 
for the lead fibers can be suppressed to 0.01 dB if the 
lengths of the lead fibers are 1 0 m. It is therefore possi- 
ble to provide sufficiently satisfactory characteristics for 
the polarization-maintaining optical fiber 14. 
[0047] The core 1 1 of the polarization-maintaining op- 
tical fiber 14 in this example is formed of quartz glass 
doped with germanium oxide (Ge0 2 ), the cladding 12 is 
formed of quartz glass, and the stress applying section 
1 3 is formed of quartz glass doped with a relatively large 
amount of boron oxide (B2O3). The outside diameter of 
the stress applying section 1 3, the relative refractive in- 
dex difference between the core 11 and the cladding 12 
and the relative refractive index difference between the 
cladding 12 and the stress applying section 13 are ad- 
equately set in accordance with the desired character- 
istics. Normally, the mode-field diameter of the core 11 
is set to about 4 to 10 ujti and the outside diameter of 
the cladding 12 is set to about 125 um. 
[0048] A polarization-maintaining optical fiber compo- 
nent can be provided by laying a plurality of such polar- 
ization-maintaining optical fibers 14 side by side, heat- 
ing lengthwise portions of the polarization-maintaining 
optical fibers, fusing the heated portions, and elongating 
the heated portions in the lengthwise direction to there- 
by form an optical coupling section. 
[0049] At this time, those polarization-maintaining op- 
tical fibers 14 are arranged in such a way that the 
straight line which connects the centers of the cores 11 
of the polarization-maintaining optical fibers 14 perpen- 
dicularly cross the polarization axis of each polarization- 
maintaining optical fiber 14. This can ensure fusion 
while maintaining the planes of polarization of the polar- 
ization-maintaining optical fibers 14. The "polarization 
axis" here is the straight line that connects the centers 
of the stress applying sections 1 3 in each polarization- 
maintaining optical fiber 14. 



[0050] At this time, it is possible to use the scheme of 
observing the positions of the stress applying sections 

1 3 based on a difference in refractive index between the 
stress applying sections 13 and the cladding 12 and 

5 then adjusting the polarization axis. 

[0051] Further, the elongation length of the fused por- 
tions determined by the optical coupling ratio that is de- 
manded of the polarization-maintaining optical fiber 
component. In other words, this elongation length ad- 

10 justs the optical coupling ratio of the polarization-main- 
taining optical fiber component. 
[0052] FIG. 2 shows a polarization-maintaining opti- 
cal fiber coupler 16 as one example of the polarization- 
maintaining optical fiber component of this invention. 

is This polarization-maintaining optical fiber coupler 16 is 
a 2 x 2 type which uses two polarization -maintaining op- 
tical fibers 14 shown in FIG. 1. The polarization-main- 
taining optical fiber coupler 16 comprises light-incident 
and light-emerging ports 1 to 4 (the ports being the por- 

20 tions of the polarization-maintaining optical fiber 14 in 
the polarization-maintaining optical fiber coupler 16 
from which light enters and from which light emerges), 
and an optical coupling section 15. 
[0053] In the polarization-maintaining optical fiber 

25 coupler 16, the light that has entered the port 1 is 
branched and comes out of the ports 3 and 4. 
[0054] The optical coupling section 15 is formed by 
letting light enter the port 1 along the fast axis, perform- 
ing fiber elongation while measuring the amounts of 

30 emerging light at the ports 3 and 4 and stopping the fiber 
elongation when an optical coupling ratio of 50% is 
reached. 

[0055] As the polarization-maintaining optical fibers 

14 of this invention shown in FIG. 1 are used in this po- 
35 larization-maintaining optical fiber coupler 16, it is pos- 
sible to suppress coupling of light, which has leaked 
from the core 1 1 at the optical coupling section 1 5, to a 
high -order mode so that the excess loss is small. 
[0056] Further, the polarization-maintaining optical 

40 fiber of this invention can employ the scheme of observ- 
ing the positions of the stress applying sections 13 
based on a difference in refractive index between the 
cladding 12 and the stress applying sections 13 and 
then adjusting the polarization axis. 

45 [0057] Although a PANDA fiber has been described 
as one example of a polarization-maintaining optical fib- 
er in the foregoing description, the polarization-main- 
taining optical fiber is not limited to such fibers. For ex- 
ample, this invention can be adapted to ordinary polar- 

50 ization-maintaining optical fibers which have stress ap- 
plying sections, such as a bow tie optical fibers or an 
elliptic jacket optical fibers. 

[0058] Although a polarization-maintaining optical fib- 
er coupler is illustrated as an example of a polarization- 
55 maintaining optical fiber component, the polarization- 
maintaining optical fiber component is not limited to this 
type, but may be any product which is manufactured by 
using a polarization-maintaining optical fiber, such as a 
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polarization beam splitter or a polarization beam com- 
biner. Those polarization-maintaining optical compo- 
nents, like the above-described polarization -maintain- 
ing optical fiber coupler, can be manufactured by laying 
a plurality of polarization-maintaining optical fibers side 
by side, heating and fusing lengthwise portions of the 
polarization-maintaining optical fibers, and elongating 
the heated portions in the lengthwise direction. In the 
case of a polarization beam splitter which decouples po- 
larized waves, for example, light which includes the X 
polarized wave and Y polarized wave is allowed to enter 
one light-incident port, fiber elongation is carried out 
while monitoring the polarized waves of the light which 
emerges from the two light-emerging ports and this fiber 
elongation is stopped when the light of the X polarized 
wave and Y polarized wave respectively emerge from 
those two light-emerging ports. The decoupling or cou- 
pling of polarized waves can be made and adjusted ac- 
cording to conditions such as the elongation length of 
the optical coupling section and the distance between 
the cores. For a polarization beam combiner, the lights 
of the X polarized wave and Y polarized wave are al- 
lowed to enter two light-incident ports, fiber elongation 
is carried out while monitoring the polarized wave of the 
light which comes out of one light-emerging port and this 
fiber elongation is stopped when the combined light of 
the X polarized wave and Y polarized wave, which are 
combined at a desired ratio, emerges from this light- 
emerging port. 

Embodiments 

[0059] Embodiments of this invention will now be dis- 
cussed in detail. 

(First Embodiment) 

[0060] Two PANDA fibers having a diameter A of 22 
ujti were laid side by side and their lengthwise portions 
were heated and fused. Then, fiber elongation was car- 
ried out in the lengthwise direction while monitoring only 
the light along the fast axis and was stopped when the 
coupling ratio of two light-emerging ports became 50%, 
thus forming the optical coupling section 15. This com- 
pleted a 2 x 2 polarization-maintaining optical fiber cou- 
pler. 

[0061] Then, the light loss of this polarization-main- 
taining optical fiber coupler along the fast axis was 
measured by the cutback scheme. The light loss along 
the fast axis then was 0.8 dB. 

(Second Embodiment) 

[0062] A polarization-maintaining optical fiber coupler 
according to the second embodiment was prepared in 
the same way as for the first embodiment, except that 
the diameter A was set to 27 urn, and the light loss of 
this polarization-maintaining optical fiber coupler along 



the fast axis was measured 

[0063] The light loss along the fast axis then was 0.4 
dB. 

5 (Comparative Example) 

[0064] A polarization-maintaining optical fiber coupler 
16 of this comparative example was prepared in the 
same way as for the first embodiment, except that the 
10 diameter A was set to 17 u.m, and the light loss of this 
polarization-maintaining optical fiber coupler along the 
fast axis was measured. 

[0065] The light loss along the fast axis then was 16 
dB. 

is [0066] FIG. 3 presents a graph in which the relation- 
ship between the excess loss along the fast axis when 
fusion elongation makes the coupling ratio of two light- 
emerging ports with respect to the light along the fast 
axis become 50% and the diameter A is plotted. It is ap- 
parent from this graph that for the excess loss to become 
equal to or less than 1 dB, the diameter A should be 
equal to or greater than 20 um 



25 Claims 

1. A polarization-maintaining optical fiber having 
stress applying sections arranged symmetrically to 
each other with respect to a core in a cladding sur- 
rounding said core, 

wherein the largest one of those concentric 
circles of said core or said cladding which do not 
reach said stress applying sections and do not in- 
clude said stress applying sections within has a di- 
ss ameter of 20 ujti or greater. 

2. The polarization-maintaining optical fiber according 
to claim 1 , wherein said polarization-maintaining 
optical fiber is a PANDA type polarization-maintain- 

40 ing optical fiber. 

3. The polarization-maintaining optical fiber according 
to claim 1, wherein said polarization-maintaining 
optical fiber has a birefringent index of 5 x 10* 5 to 5 

45 x1CK 

4. The polarization-maintaining optical fiber according 
to claim 1 , wherein the crosstalk of said polariza- 
tion-maintaining optical fiber is equal to or greater 

50 than -20 dB/km. 

5. The polarization-maintaining optical fiber according 
to claim 1, wherein the loss of said polarization- 
maintaining optical fiber is equal to or greater than 

55 1 dB/km. 

6. A polarization-maintaining optical fiber component 
produced by: 
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laying two or more polarization-maintaining op- 
tical fibers recited in claim 1 side by side; and 
heating lengthwise portions of said polariza- 
tion-maintaining optical fibers, fusing said heat- 
ed portions, and elongating said heated por- s 
tions in a lengthwise direction to thereby form 
an optical coupling section. 

7. The polarization-maintaining optical fiber compo- 
nent according to claim 6, wherein all lead fibers of 10 
said polarization-maintaining optical fiber compo- 
nent have lengths of 10 m or shorter. 

8. The polarization-maintaining optical fiber compo- 
nent according to claim 6, wherein said polarization- is 
maintaining optical fiber component is a polariza- 
tion-maintaining optical fiber coupler. 

9. The polarization-maintaining optical fiber compo- 
nent according to claim 6, wherein said polarization- 20 
maintaining optical fiber component is a polariza- 
tion beam splitter or a polarization beam combiner. 
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